Results: Fifty-six patients were identified, including 30 men (54%). Mean age was 55.7 years (range, 31-74 years). Mean BMI was 44.2 (range, 40.0-54.7). Mean ASA was 2.7 (range, 2-3), and mean CCI was 1
INTRODUCTION
Obesity is an increasingly relevant problem in the modern spine surgery practice. 1 The Centers for Disease Control and Prevention defines obesity as a body mass index (BMI) of 30 or greater, and it further subclassifies a BMI of 40 or greater as extreme obesity. 2 Given the high prevalence of back pain and degenerative spine disease, in addition to the increasingly high rate of obesity, surgeons must often make decisions on the indications for intervention for patients who manifest both. However, spine surgery outcomes reported in the literature rarely include patients with extreme obesity. The aim of this retrospective study was to evaluate complications, reoperations, readmissions, and clinical outcomes after thoracolumbar fusion in extremely obese patients.
PATIENTS AND METHODS
After approval by the Institutional Review Board at the University of Michigan, a retrospective chart review of spinal fusion surgeries performed at a single institution from 2006 to 2016 was executed. Criteria for inclusion were a preoperative BMI !40 and a spinal fusion involving the thoracic or lumbosacral segments. Patient characteristics, including age, gender, BMI, American Society of Anesthesiologists (ASA) score, Charlson Comorbidity Index (CCI), smoking status, preoperative narcotic use, and depression, were collected. Preoperative Oswestry Disability Index (ODI) and visual analog scale (VAS) scores were recorded. Surgical characteristics, including the indication for procedure, revision status, instrumented levels, and approach types, were documented. Details of surgical procedure, including the use of interbody fusion, osteotomies, and estimated blood loss, were collected. Thirty-day adverse events (complications, readmissions, reoperations, and mortality) as well as length of stay were recorded. A subgroup analysis of patients with patient-reported outcomes (PROs) between 6 and 24 months was also performed. Minimum clinically important difference (MCID) in ODI was previously defined for lumbar spine surgery as an improvement of 12.8. 3 Substantial clinical benefit (SCB) in ODI for lumbar arthrodesis was previously defined as an improvement of 18.8. 4 Statistical analysis was performed using GraphPad Prism software, version 6 (GraphPad Software Inc, La Jolla, California). Descriptive statistics were defined on 30-day adverse events. Paired 2-tailed ttests were used to compare preoperative and postoperative BMI, ODI, and VAS in the subgroup analysis. A statistical significance level of P , .05 was set for this analysis.
RESULTS
A total of 56 patients were identified as having met the inclusion criteria. Mean age was 55.7 6 13.2 years (range, 31-74 years), with 26 women (46%) and 30 men (54%). Mean preoperative BMI was 44.2 6 3.9 (range, 40.0-54.7). Mean ASA was 2.7 (range, 2-3), and mean CCI was 1.1 (range, 0-6). Indications for surgery included spondylolisthesis (n ¼ 20), spondylosis/degenerative disc disease (n ¼ 19), pseudoarthrosis (n ¼ 7), degenerative scoliosis (n ¼ 5), tumor (n ¼ 3), and trauma (n ¼ 2). A total of 7 patients (13%) were current smokers, 41 (73%) used narcotics preoperatively, and 29 (52%) were being treated for depression. Baseline patient data are summarized in Table 1 .
Mean number of fused levels was 2.3 6 2.1 (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Mean estimated blood loss was 744.3 6 924.4 mL, and mean length of stay was 4.4 6 2.1 days. Mean number of complications was 0.7 6 1.1 (range, 0-4), and 17 patients (30.4%) had at least 1 complication. Complications included surgical site infection (4), durotomy (3), temporary peripheral neuropathy (3), hardware-related complications (2), deep venous thromboses or pulmonary embolism (2), urinary tract infection (2), acute kidney injury (2), intravascular line infection (1), urinary retention (1), intraoperative atrial fibrillation (1), hypotension requiring prolonged intensive care unit stay (2), worsened lymphedema (1), nosocomial pneumonia (1), pancreatitis (1), and retained surgical drain (1). The 30-day all-cause readmission rate was 5.4%, and the 30-day reoperation rate was 3.6%. There were no deaths within 30 days. Operative data and complications are summarized in Table 2 .
In a subgroup analysis of 30 patients (54% of all patients) with documented 1-year PROs, mean preoperative ODI was 65.2 6 11.1, and mean preoperative VAS was 6.6 6 1.6. Mean ODI change was À19.9 6 20.1 (P , .001), and mean VAS change was À2.6 6 2.3 (P , .001). Fifteen patients (50%) achieved MCID in ODI with a mean follow-up of 18.9 months. A total of 14 (46.7%) achieved SCB in ODI. Mean BMI was unchanged at 1-year followup (P ¼ .5). PROs are summarized in Table 3 .
DISCUSSION
Because of perceived increased complication risk and potential decreased clinical benefit of surgery in the obese, many surgeons set BMI restriction criteria for elective surgery. Recently, the National Health Service in the United Kingdom denied or delayed surgery in certain situations for obese patients. 5 However, the literature regarding complications and outcomes of spine surgery in obese patients is unclear, particularly in patients with extreme obesity.
Higgins et al 6 evaluated the impact of obesity on complications after spinal fusion. They determined that there was a 2.8 times higher rate of wound complications in obese patients (BMI !30 and ,40) and a 10 times higher rate of wound complications in extremely obese patients (BMI !40). Similarly, major medical complications were significantly higher in obesity, and more so in extreme obesity. In a subgroup analysis of thoracolumbar fusions, 18 patients with extreme obesity were included. There was a significant increase in wound complications, although other complications were not described. Similarly, a study by De la Garza-Ramos et al 7 found that after lumbar fusion, obese patients had more complications. A subgroup analysis of patients with extreme obesity was not performed. National databases have also been used to evaluate complications after lumbar surgery, although they are known to have several limitations for spine surgery research. 8, 9 The American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) was queried, and it was determined that extreme obesity was associated with a higher likelihood of complications, even when controlled for other comorbidities. 10, 11 MarquezLara et al 12 similarly queried ACS NSQIP and found a stepwise relationship of complications with increasing obesity classes, although a mortality difference was not seen. However, other studies have not seen a difference in complication rates in obese patients. A study evaluating lateral lumbar fusions reported no difference between obese (BMI !30) and nonobese patients. 13 Fu et al 14 also found no difference when comparing complication rates after deformity correction.
Functional and pain outcomes after lumbar fusion in the extremely obese are also unclear. Giannadakis et al 15 prospectively evaluated patients after decompressive lumbar surgery and determined that both obese and nonobese patients had significant improvement in ODI, although obese patients were less likely to achieve MCID. Terman et al 16 found that obese patients had a significant decrease in ODI after transforaminal lumbar interbody fusion with either an open (13-point ODI decrease) or minimally invasive (15-point ODI decrease) approach. Djurasovic et al 17 also found that obese patients had results similar to those of nonobese patients, achieving a 14-point decrease in ODI 2 years after lumbar fusion. BMI was not seen to be an independent predictor of worse PROs at 1 year in another analysis. 18 These studies did not specifically investigate the outcomes of extremely obese patients.
In the present study, extremely obese patients with PROs at 1 year had a 19.9-point decrease in ODI and a 2.6-point decrease in VAS. This is comparable to previously reported outcomes in obese and nonobese patients. 15, 19, 20 In addition, 50% achieved MCID, and 46.7% achieved SCB. Readmission and reoperation rates were found to be appropriately low in the cohort. These results suggest that even with extreme obesity, patients can have adequate outcomes after thoracolumbar fusion. Previous literature suggests that these results are sustainable in the long term. 19 A total of 30% of patients did have at least 1 complication, although most complications were minor. Notably, only 4 patients (7%) had surgical site infections. Although these results, along with previous literature, show that extreme obesity is associated with higher complication rates, the risks may be tolerable in light of an established benefit of surgery. 11, 18 Overall, the results presented here suggest that a defined BMI cutoff is too arbitrary, and selected patients with elevated BMIs should not be absolutely prohibited from spine surgery. 1 There are several limitations to this study. We did not have a direct control group to judge the effect that extreme obesity bore on surgical outcomes. In addition, there were a number of patients for whom 1-year PROs were not available, which may have altered the results. Finally, this was a retrospective study and is subject to the known limitations and biases of retrospective analysis.
CONCLUSION
Patients with extreme obesity who undergo thoracolumbar fusion have acceptable 30-day adverse events and can potentially derive significant benefit in reduced pain and disability. 
